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( [Ko, p.203] )
Ll $G$ $L$ r ($p$-local subgroup) $L$
r $P$ : $L=N_{G}$ (P). $r$
r
(maximal $p$-local subgroup)
(1) $L$ $G$ $p$- $Q:=O_{p}(L)\neq 1$ $L\leq$
$N_{G}(Q)\leq G$ $L$ r
$L=N_{G}(Q)$ , $Q=O_{p}(L)\neq 1$
(2) $O_{p}(G)=1$ $G$
$G$ ( ) $M$ $Q:=O_{p}(M)\neq 1$
$M$ $O_{p}(G)=1$ $M=N_{G}$ (Q) r













Benson $\mathrm{S}.\mathrm{D}$ . Smith






Theorem 1 (Meierfrankenfeld, Shpecto $rov$ $[MS],[MeJ$) 2




$\ovalbox{\tt\small REJECT}$ $\sim$ $2^{3}.2^{6}.2^{12}.2^{18}.(L_{3}(2)\cross 3S_{6})$
$\ovalbox{\tt\small REJECT}$ $\sim$ $2^{5}.2^{10}.2^{20}.(L_{5}(2)\cross S_{3})$
$P_{10}$ $2^{10+16}\Omega_{10}^{+}(2)$
7 $L_{j}$ $(j=1,2)$ $P_{i}(i=1,2,3,5,10)$
5 [Me] [MS]
1.2 $L$ $p$- $Q=O_{p}$ (L)
$C_{L}(Q)\leq Q$
$C_{L}$ (Q) $Q$ $L$ ( r
)
(1) $C_{L}(Q)=Z$ (Q)($Q$ )
(2) $G$ ? $L$ $O_{p}(L)$ $=Q$ $N_{G}(Q)=L$
$C_{L}(Q)=C_{G}(Q)\cap L=C_{G}(Q)\cap N_{G}(Q)=C_{G}$ (Q) $G$ r
$L$ $p$
$C_{G}(Q)\leq Q$
$M$ 2 2 $P_{i}$ ( i $=$
$1,2,3,5,10)$ $O_{2}$ (Pi) $i=1,2$ , $3,5,10$ $2_{+}^{1+24}$ ,
$2^{2}.2^{11}.2^{22},2^{3}.2^{6}.2^{12}.2^{18},2^{5}.2^{10}.2^{20},2^{10+16}$ $2^{25},2^{35},2$39, $2^{35},2^{26}$













2.1 2 $Q$ $Z$ (Q) 2 $Q/Z$ (Q)
2 (extraspecial 2-group)
42 2 2
2 $Q$ $Z$ (Q) 2 $z$
, $Z(Q)\ni z^{i}-*i\in GF(2)=$ {0,1} $Z$ (Q) 2 $GF$ (2)
$V:=Q/Z$(Q) ( ) $\overline{x}=xZ(Q)(x\in Q)$
$q(\overline{x}):=x^{2}$

















,, 2 $2_{+}^{1+2n}$ ,
$2_{-}^{1+2n}$
$V$ $g$ $q$ $(q(\overline{x}^{g})=q(\overline{x}))$
$q$
$SO_{2n}^{+}$ (2) $SO_{2n}^{-}$ (2)
$\Omega_{2n}^{+}$ (2), $\Omega_{2n}^{-}$ (2) $\epsilon=1$ $\epsilon=-1$
$(2^{n}-\epsilon)(2^{n-1}+\Xi)$
$[SO_{2n}^{+}$ (2): $\Omega_{2n}^{+}($2) $]$ 2 $SO_{2n}^{+}$ (2)
$\Omega_{2n}^{+}$ (2) $\mathcal{O}_{1},$ $\mathcal{O}_{2}$ $W^{1},$ $W^{2}$
\Omega 2+n(2\succ $\dim(W^{1})-\dim(W^{1}\cap W^{2})$
$i=1,$ $\ldots,$ $n$ -l $\Omega_{2n}^{+}$ (2) $i$
$n-1$ ( $n$)
T 2 $\mathcal{O}_{1}$ $\mathcal{O}_{2}$
$M$ 2 $P_{1}$ $O_{2}(P_{1})$
25 2 $2_{+}^{1+24}$ $O_{2}(P_{1})$
$2^{13}=2^{1+12}$ $O_{2}(P_{1})$ $Z$ ( $O_{2}$ (P1)) $z$ $P_{1}=C_{M}$ (z)
5$C_{M}(O_{2}(P_{1}))=Z$ ( $O_{2}($P1))
2.2 $G$ 2 $z$ .
(a) $Q_{z}:=O_{2}$ ( $C_{G}$ (z)) 2
(b) $C_{G}(Q_{z})\leq Q_{z}$
(b) $C_{G}(Q_{z})=Z(Q_{z})$ (a) $\langle z\rangle$ $C_{G}$ (z) 2
$T$ $T$ $C_{G}$ (z) 2 $Q_{z}$ $C_{G}(Q_{z})=\langle z\rangle$
$C_{G}(T)=Z(T)=\langle z$) $T$ $G$ 2
( $T$ $G$ 2 $T_{0}$
$C_{G}(T_{0})=Z(T_{0})=\langle z\rangle$ $T_{0}\leq C_{G}$ (z) ) (




2 $n+2$ $V$ $G=$
$L_{n+2}(2)(n\geq 2)$ $z$ (transvection) $V$ $n+1$





1 1 $n+2$ 0 $V/H,$ $H$/p, $p$
$G$ $Q_{z}$ $C_{G}$ (z)
$Q_{z}$ 2 $2_{+}^{1+2n}$ (
(z) $)$ $C_{G}$ (z) $Q_{z}$ 1, $n+2$ 1, $n+2$ 0
($H/p$ ) $L_{z}\cong L_{n}$ (2)
: $Q_{z}\underline{\triangleleft}C_{G}$ (z), $C_{G}(z)=Q_{z}L$z’ $L_{z}\cap Q_{z}=1$ . $Q_{z}=O_{2}(C_{G}(z))\cong 2_{+}^{1+2n}$
$z\in Q_{z}$ $C_{G}(Q_{z})\leq C_{G}$ (z) $C_{G}(Q_{z})=Z$ (Qz) $G$
( 2
$n+1$ $V(n+1,2)$
$L_{n+1}$ (2) $H=V(n+1,2)$ : $L_{n+1}(2)$
8$O_{2}(H)=V(n+1,2)$ $V(n+1,2)$ $z$
$C_{H}$ (z) $V(n+1,2)$ $L\text{ }+1$ (2) $z$ $P_{z}$
$z$ } $\backslash ’\mathrm{s}$ $V(n+1,2)$ ,
$O_{2}$ (b) 0
$2^{n}$ $P_{z}$ $O_{2}$ (Pz) $V(n+1,2)/\langle z\rangle$
$L_{z}\cong L_{n}$ (2) $C_{H}(z)=(V(n+1,2)O_{2}$ (Pz) $)$ Lz
$O_{2}(C_{H}(z))=V(n+1,2)O_{2}$ (Pz) (z) 2 $2_{+}^{1+2n}$





$2_{-}^{1+4}$ : $\Omega_{4}^{-}(2)$ $L_{5}$ (2), He, $M_{24}$ 2
$2_{+}^{1+6}$ : $L_{3}$ (2) )
9
$J_{1},$ $HS,$ $McL,$ $Ru,$ ON, $Co3$ , Fi22, $Ly,$ $F_{23}$ 17
( )
$G$ 2.1 2 $z$
$S:=z^{G}=\{z^{g}=g^{-1}zg|g\in G\}$







, Glauberman $Z^{*}$ - (
) : $G$ $S\cap C_{G}(z)\neq$
$\{z\}$ . [ $\mathrm{M}\mathrm{S}$ , Lemma 3.1]
( $S\cap Q_{z}=\{z\}$ )
Lemma 2 $G$ $S\cap Q_{z}\neq\{z\}$ $x\in(S\cap$




2.3 $x,$ $z\in S$ $x\in Q_{z}$ $x$ $z$
Lemma 3 $S$ $z,$ $x\in S$
$x\in Q_{z}$ $z\in Q_{x}$
[As, Lemma 8.7(3)], [MS, Lemma 4.1] .
2.4 $G$ 2 $U$ (singular)
(a) $U\#=U\backslash \{1\}\subseteq S$




8$x,$ $y\in S,$ $x$ \neq y $Q_{x}\cap Q_{y}$ 2 Q
$Q_{x}/\langle x\rangle$ $Q_{x}$ 2 $\langle x\rangle$ 1 $x$
$Q_{y}$ 2 1 $y$ $Q_{x}\cap Q_{y}$
2 1 $Q_{x}$ $Q_{y}$ 2
4 $U$ Q 2
Lemma 4([MS, Lemma $\mathit{4}\cdot \mathit{2}f$) $G$ $U$
(1) $U\leq Q_{U}\leq L_{U}\leq N_{G}$ (U)
(2) $U$ $2^{n}(n\geq 2)$ L $U$ $L_{n}$ (2)
$N_{G}(U)/C_{G}(U)\cong L_{n}$ (2)
(3) $L_{U}$ $Q_{U}/U$ $Q_{U}\backslash U$ $x$ $C_{L_{U}}$ (U)
$xU$
(1)
(2) $|U|=2^{n}(n\leq 2)$ 2 $U$ 2 $n$
$L_{n+2}(2)$
$U$ $n-1$ $H$ $H$
1 $p$ $(p, H)$ $L_{U}$ z
$H=C_{U}$ (z), $p=[U, z]$ z\in L
2 $U$ $Aut$ (U) $L_{n}$ (2)
$p$ $u$
$u\in U\#\subseteq S$ 2 $Q_{u}$
$U$ ( (b) ) $H\subset U\subseteq Q_{u}$ $\overline{Q_{u}}:=Q_{u}/(u)$
$q(\overline{x})=x^{2}$ ( $\overline{x}=x\langle$u$\rangle$ , $x\in Q_{u}$ ) $q$ ( 2.1
)
$\text{ }$
$U$ $Q_{u}$ 2 $\overline{U}:=U/\langle u\rangle$ $\overline{Q_{u}}$ $q$
, $b_{q}$
$\overline{H}:=H/\langle u\rangle$




$b_{q}(\overline{z}, \overline{v})=[z, v]$ $H=C_{U}$ (z) $\overline{Q_{u}}$
$[\overline{U}, \overline{z}]=\overline{1}$ $H=C_{U}(z)\neq U$ $[U, z]=\langle u\rangle$ $z$
$(\in Q_{u}\leq L_{U})$ $(\langle u\rangle, H)$ $U$ L ,) (2)
8(3) $U\#$ $u$ $Q_{U}\leq Q_{u}$ .. $Q_{u}/\langle u\rangle$ $[Q_{U}, Q_{u}]\leq$
$\langle u\rangle\leq U$ L $Q_{u}$ $Q_{u}$ $Q_{U}/U$
L $Q_{U}/U$ $U\#$ $u$
$x\in Q_{U}\backslash U$ $U\langle$x $\rangle$ $Q_{u}$ 2 $U$ 2
(2) $U,$ $H,$ $p$ $U\langle$x $\rangle$ , $U,$ $\langle$u$\rangle$
, $Q_{u}$ $z$ $C_{U(x\rangle}(z)=U$ [ $U\langle$x $\rangle$ , $z$ ] $=\langle u\rangle$
$[x, z]=u$ , $x^{z}=xu$ $z\in Q_{u}\leq C_{L_{U}}$ (U) $u$ $U\#$
$C_{L_{U}}$ (U) $xU$
Q.E.D.





3.1 24 $\mathrm{R}^{24}$ $q_{\mathrm{R}}$
: $q_{\mathrm{R}}((x_{i})_{i=1}^{24})= \sum_{i=1}^{24}x_{i}^{2}$ . b $b_{\mathrm{R}}((x_{i}), (y_{i}))= \sum_{i=1}^{24}x$iyi
$\mathrm{R}^{24}$ $\mathrm{Z}$- A (
)
$\Lambda=\{\mathrm{y}\in \mathrm{R}^{24}|b_{\mathrm{R}}(\mathrm{x}, \mathrm{y})\in \mathrm{Z}, (\forall \mathrm{x}\in\Lambda)\}$ ,
$q_{\mathrm{R}}(\mathrm{x})$ $q_{\mathrm{R}}(\mathrm{x})=2$ $\mathrm{x}\in \mathrm{A}$























Ul=\leftrightarrow 2 $N_{M}(U_{1})=C_{M}$ (z) 3.2





$U_{m+1}$ $2^{m+1}$ $U_{m+1}$ 2 $U_{m}$
2.4 $2^{m}$
$N_{M}$ (Um) $Q_{U_{m}}/U_{m}$ $U_{m+1}\backslash Um$
$x$ $U_{m+1}=U_{m}\langle$x$\rangle$ $x$ $U_{m}$ 2
x\in \cap u\in UmQu=Q, $U_{m+1}=U_{m}$ $\langle$x) $Q_{U}/U_{m}$ $(Qu_{m}/U_{m})\#$
$U_{m}$ $2^{m+1}$ $N_{M}(U_{m})$- $(Q_{U_{m}}/U_{m})\#$
$N_{M}(U_{m})$-
$C_{M}(U_{m+1})=C_{M}(U_{m})\cap C_{M}$ (x) $Q_{U_{m+1}}=Q_{U_{m}}\cap Q_{x}$ ( 5 )
4 NM(Um+l)/CM(Um+l)\cong L +l (2)
$N_{M}(U_{m+1})$ $Q_{U_{m+1}}/U_{m+1}$
$m\geq 2$ $Q_{U_{m}}$ $Q_{z}\cong 2_{+}^{1+24}$ 2 ( 2.5
11
5 ) 2.1 2 $2^{13}$
$2^{5}$
$z$ $C_{M}$ (z) $Q_{z}=O_{2}$ ( $C_{M}$ (z)) $\langle z\rangle=$
$Z(Q_{z})=C_{M}(Q_{z})$ ( ) $C_{M}$ (z)
1 $\overline{Q_{z}}=Q_{z}/\langle z\rangle$ $g\in C_{M}$ (z) $\overline{x}$ $\in\overline{Q_{z}}(x\in Q_{z})$
$(\overline{x})^{g}:=x^{g}\in\overline{Q_{z}}$ $\overline{Q_{z}}$ $g\in Q_{z}$ $\overline{x}\in\overline{Q_{z}}$
$(\overline{x})^{g}=\overline{x}$ $Q_{z}$ $C_{M}$ (z) $\overline{Q_{z}}$
$Co_{1}\cong C_{M}(z)/Q_{z}$ $2^{24}$ $\overline{Q_{z}}$
$C_{M}$ (z) $\overline{Q_{z}}$ $Q_{z}$
$Q_{z}$ $C_{M}(z)/Q_{z}\cong Co_{1}$




$x^{g^{2}}=x^{\mathit{9}}z^{\mathit{9}}=(xz)z=x$ $g\in C_{M}$ (z) $g$ $Q_{z}$
$g\in C_{M}$ (Qz)
$C_{M}(Q_{z})=Z(Q_{z})=\langle z\rangle$
, $Co_{1}\cong C_{M}(z)./Q_{z}$ $2^{24}$ 2 $\overline{Q_{z}}$
24 $\overline{Q_{z}}$ $q(\overline{x})=x^{2}$
$q$ ( 2.1 ) : $q(\overline{x}^{g})=(x^{g})^{2}=$




$Co_{1}$ $\Lambda$ $Aut$ (A) $Aut(\Lambda)/Z$ ( $Aut$ (A))
$Aut$ (A) 2 24
$\hat{\Lambda}:=\{\hat{\mathrm{x}}=\mathrm{x}+2\Lambda|\mathrm{x}\in\Lambda\}$
$Z(Aut(\Lambda))$ ( $\pm I_{24}$ )
$Co_{1}\cong Aut(\Lambda)/Z(Aut(\Lambda))$ 24
$\hat{\Lambda}$




$n$ $\Lambda_{n}:=\{x\in \mathrm{A}|q_{\mathrm{R}}(x)=2n\}$ $\Lambda_{n}$
$\hat{\Lambda}$ $\hat{\Lambda}_{n}$
$\Lambda$ $\Lambda_{1}=\emptyset$ $|\Lambda_{2}|=2$ 98280,
$|\Lambda_{3}|=2$ .8386560, $|\Lambda_{4}|=48$ .8292375 $x\in\Lambda_{2}\cup\Lambda_{3}$ $\hat{y}=\hat{x}$
$y \in\bigcup_{n=2,3,4}\Lambda_{n}$ $\pm x$ 2 $x\in \mathrm{A}_{4}$ $\hat{y}=\hat{x}$ $y \in\bigcup_{n=2,3,4}\Lambda_{n}$
{ $\pm x_{1},$ $\ldots,$ $\pm$X24}, $x_{1}=x,$ $x_{i}\in\Lambda_{4},$ $b$R(xi) $x_{j})=0(1\leq i<j\leq 24)$ 48
( (frame corss) )




$\hat{\Lambda}_{2},$ $\Lambda$^3, $\hat{\Lambda}_{4}$ 3




$Q_{z}$ $z$ 2 CM(z)-
$1\neq x\in Q_{z}\backslash \{z\}$ $x^{2}=1$ $\overline{x}$ $\hat{\Lambda}_{2}\cup\hat{\Lambda}_{4}$
$\overline{x}=\overline{y}(y\in Q_{z})$ $y=x$ $y=xz$ $Q_{z}$ $Q_{z}/\langle z\rangle$
$Q_{z}$ [ $x$ $xz$ $\{x\in Q_{z}\backslash \{z\}|x^{2}=1\neq x\}$
$C_{M}(z)$- $Co_{1}$ - $\hat{\Lambda}_{2}$ $\hat{\Lambda}_{4}$
$\hat{\Lambda}_{n}$ $(n=2,4)$ $Q_{z}\backslash \{z\}$ $C_{M}(z)$- $\mathcal{O}_{n}$ $Q_{z}$
2 CM(z\succ $\{z\}$ , $\mathcal{O}_{2},$ $\mathcal{O}_{4}$ 3 2
[IVIS, Proposition
3.2] $Q_{z}$ $Q_{z}\cap S$ ( $C_{M}$ (z) ) $\{z\}$
$\mathcal{O}_{2}$ [ $\mathrm{M}\mathrm{S}$ , Lemma 4.4]
$Q_{z}\cap S$ $\{z\}$ $\mathcal{O}_{4}$ $C_{M}(z)$- $|\mathcal{O}_{4}|=2|\hat{\Lambda}_{4}|$




$U^{2}$ $U^{1}\cap U^{2}$ $z$
13
$U^{1}=\langle z, x\rangle$ , $U^{2}=\langle z, y\rangle$ $x,$ $y\in S$ $x,$ $y$ $z$
$x,$ $y\in Q_{z}\cap S$ $x,$ $y\in \mathcal{O}_{4}=(Q_{z}\cap S)\backslash \{z\}$ $\mathcal{O}_{4}$
$C_{M}(z)$ - $g\in C_{M}$ (z) $x^{g}=y$
$(U^{1})^{g}=\langle z^{g}, x^{g}\rangle=\langle z, y\rangle=U^{2}$
4 4 $U=\langle z,$ $x$ )
$N_{M}$ (U) $4(2)$ $N_{M}(U)/C_{M}(U)\cong$
$L_{2}(2)$ $U=\langle z, x\rangle$ $C_{M}(U)=C_{M}(z)\cap C_{M}$ (x). $x\in \mathcal{O}_{4}\text{ }$
$|\mathcal{O}_{4}|=2|\hat{\Lambda}_{4}|$ $\mathcal{O}_{4}$ $C_{M}(z)$ - $|\mathcal{O}_{4}|=$ [ $C_{M}($z): $C_{M}(z)\cap C_{M}(x)$ ] $=$
$|C_{M}(z)|/|C_{M}$ (U)|. $|C_{M}(U)|=|C_{M}(z)|/2|\hat{\Lambda}_{4}|=2^{25}|Co_{1}|/2|\hat{\Lambda}_{4}|$ $Co_{1}$
$2^{11}.M_{24}$
( $M_{24}$ 24 24.23.22.21.20.48
)
$|$ C$M(U)|=2^{24}|2^{11}.M_{24}|=2^{35}|M_{24}|$
$C_{M}(z)/Q_{z}\cong Co_{1}$ $C_{M}$ (U) $C_{M}$ (U) $Q_{z}/Q_{z}\cong C_{M}(U)/(C_{M}(U)\cap$
$Q_{z})$ $\overline{Q_{z}}$ 2 $\hat{\Lambda}_{4}$ $\overline{x}$
$2^{11}M_{24}$ $C_{M}(U)\cap Q_{z}=C_{M}(x)\cap Q_{z}$ $2^{24}$ ( 2 $Q_{z}$
) $|C_{M}(U)/$ ( $C_{M}$ (U)\cap Qz)|=|2’.M24|
$C_{M}(U)/$ ( $C_{M}$ (U) $\cap Q_{z}$ ) $2^{11}.M_{24}$ $O_{2}$ ( $C_{M}($U)) $2^{35}$
( $C_{M}(U)\cap Q_{z}$ $2^{24}$ $2^{11}$ )
$C_{M}(U)/O_{2}(C_{M}(U))\cong M_{24}$ $Aut(M_{24})=M_{24}$
$N_{M}(U)/O_{2}(C_{M}(U))\cong L_{2}(2)\cross M_{24}$
$Q_{U}$ 5 $Q_{U}=Q_{z}\cap Q_{x}$ 2 $Q_{z}$ 2
( 2.5 ) 2.1 2 $|Qu|\leq 2^{13}$
-. $C_{M}$ (U) $C_{M}(z)\cap Q_{x}$ $C_{M}(x)\cap Q_{z}$ $C_{M}$ (U)
2 (CM(z)\cap Qx)(CM(x)\cap Q\rightarrow
$O_{2}$ ( $C_{M}$ (U)) ($C_{M}$ (z)\cap Qx)\cap (CM(x)\cap Qz)=Q $Q_{z}=Qu$
,
$arrow$
$|C_{M}(z)\cap Q_{x}|=|C_{M}(x)\cap Q_{z}|=2^{24},$ $|O_{2}(C_{M}(U))|=2^{35}$
$|$ (C$M(z)\cap Q_{x}$ ) $(C_{M}(x)\cap Q_{z})|$ $=$ $|$C$M(z)\cap Q_{x}||C_{M}(x)\cap Q_{z}|/|Q_{U}|=2^{48}/|Q_{U}|$
$\leq$ $|$ O2 $(C_{M}(U))|=2^{35}$
$|Q_{U}|\geq 2^{13}$ Q $2^{13}$ 2
4 $U$
$N_{M}$ (U) ( $O_{2}$ ( $C_{M}$ (U)) )
Q $Q_{U}/U$ $N_{M}$ (U)
14
$Q_{U}/U$ $2^{11}$ 2 24 $\overline{Q_{z}}$ ( 2
$\hat{\Lambda}$ ) $\overline{x}$ $\mathrm{T}/\langle\overline{x}$ ) 11
$Co_{1}$ $2^{11}.M_{24}$
2
[ $\mathrm{M}\mathrm{S}$ , Lemma 4.5]
$M_{24}$ ( 4





C $(U_{2})$ $C_{M}$ (U3)
[ $\mathrm{M}\mathrm{S}$ , Lemma 4.7-4.14]
( $s,$ $ns$
3 $Qu/U$ )
$U$ $Q_{U}/U$ as Nontrivial orbits of $N_{M}(U)$ $\underline{\mathrm{k}\mathrm{e}\mathrm{r}\mathrm{n}\mathrm{e}\mathrm{l}}$
$\overline{\overline{22^{24}\mathrm{L}\mathrm{e}\mathrm{e}\mathrm{c}\mathrm{h}1\mathrm{a}\mathrm{t}\mathrm{t}\mathrm{i}\mathrm{c}\mathrm{e}\mathrm{m}\mathrm{o}\mathrm{d} 2Co11}}C_{M}(U)-\mathrm{m}\mathrm{o}\mathrm{d}\mathrm{u}1\mathrm{e}\mathrm{o}\mathrm{n}U\cross Q_{U}/UQ_{U}$
$\hat{\Lambda}_{2}+\hat{\Lambda}_{3}$ $+\hat{\Lambda}_{4}$
$2^{2}$ $2^{11}$ $Even(\mathrm{F}_{2}^{24})/$ Golay code $L_{2}$ (2) $\cross M_{24}$ $[2^{22}]$
2pts $+$ sextets
$2^{3}$ $2^{6}$ Hexacode $L_{3}(2)\cross 3S_{6}$ $[2^{30}]$
$18(\mathrm{n}\mathrm{s})+45(\mathrm{s})$
$2^{4}$ $2^{3}$ permutation module $L_{4}(2)\cross S_{3}$ $[2^{32}]$
$3(\mathrm{s})+3(\mathrm{n}\mathrm{s})+1(\mathrm{s})$





Sr $[2^{30}](L_{5}(2)\cross S_{3})$ $2^{5}$
$S_{5}^{2}$ $i=1,2$ , $3,4$ $2^{i}$
$S_{i}$
$S_{1},$ $S_{2},$ $S_{3}$ 2, $2^{2},2^{3}$




$Q_{U}/U_{4}$ $2^{3}$ 2 ,. 2
3, 3, 1 3 $N_{M}(U_{4})$ - $S_{5}^{1}$
$S_{5}^{2}$ ( )
$U_{4}$ $S_{5}^{2}$ $U_{5}^{2}$







3.3 $S_{5}^{1}$ $2^{5}$ $U$ $N_{M}$ (U) $U$
$L_{5}(2)$ $U$ $2^{4}$ $N_{M}$ (U)
$U$ $2^{4}$ $E$ $S_{4}$ $E$
$S_{5}^{2}$ $U_{5}^{2}$ (E)
$A$ (U) ( $U\in S_{5}^{2}$ ) (ark)
:
$A(U):=\langle$U52 (E) $|E\in S_{4},$ $E\subset U\rangle$ .
$S_{5}^{1}$
Proposition 6 $fMS$, Section 5] $U\in S_{5}^{1}$ $A=A(U)$
(1) $A$ $2^{10}$ 2 $A$ $A/U$ 5
$N_{M}(U)$ -
(2) $A$ $C_{M}$ (A) $2^{10+16}$ 2 $A$
$C_{M}(A)/A$ $2^{16}$
(3) $N_{M}(A)/C_{M}$ (A) 10
$\Omega_{10}^{+}$ (2) $A$ 10









$\underline{9}4$ $U_{4}$ 4 $U_{4}$
$\Omega_{10}^{+}(2)$- ( 2.1 )
$U_{4}$ $S_{5}^{1}$ $S_{5}^{2}$ $U_{4}$ $S_{5}^{2}$
$U_{4}$
$S_{5}^{1}$ $M$ 3
$S_{5}^{1}$ $U$ $A$ (U) (
$U’\in S_{5}^{1}$ $A$ (U’) ) $A$ (U)
[$\mathrm{M}\mathrm{S}$ , Lemma 5.10] $U\in S_{5}^{1}$ $A$ (U)
$N_{M}(U)\leq N_{M}$ ( $A$ (U)) $U\in S_{5}^{1}$ 2
$U\in S_{5}^{2}$ 3
[$\mathrm{M}\mathrm{S}$ , Lemma 5.3 ] $C_{M}(z)/Q_{z}\cong Co_{1}(z\in S)$
$Co_{1}$ $2_{+}^{1+8}\Omega_{8}^{+}(2)$ 2 ( $Co_{1}$
2.2 ) 2
$x$ $Q_{z}$ $\langle$x $\rangle$ $2^{1+24+1}$ $\backslash$. $\langle z\rangle$ ,
$[Q_{z}, x]\langle z\rangle/\langle z\rangle,$ $C_{Q_{z}}(x)/[Q_{z}, x]$ , $Q_{z}/C_{Q_{z}}$ (x) $Q_{z}\langle x\rangle/Q_{z}$ 5 CM(z)\cap CM(x)-





2 $[2^{12}]L_{3}$ (2) $\text{ }$ [211]L3(2) $)$
Lemma 7[MS, Lemma $7.\theta$] 2 $S$
2 $S’$ 2
( [At] $S’$ 2A- 2B- )
$\{a, b\}$ $Q\text{ }\cap Q_{b}$ ( )
2 ab $C_{M}(a)/\langle a\rangle\sim 2^{24}.Co_{1}$
17
Lemma 8 [ IS, Lemma $7.7J$ $a,$ $b\in S$ 4
$(2e_{4})a$ $b$ ( $ab\in S$ )
$(2a_{1})$ $Q\text{ }\cap Q_{b}$ $2^{8}$ 2 $a$ $b$ $A$
$A$ $\langle a, b\rangle$ 2 $a,$ $b\in S$ 1
$ab\in S’$ 2 $A=\langle a, b\rangle\cross(Q\text{ }\cap Q_{b})$
$(2a_{3})$ $Q\text{ }\cap Q_{b}$ $2^{5}$ 2 $ab\in S$ .




( $P\cross Q$ )
Lemma 9 $G$ $p$- $A\neq 1$ $Q:=O_{p}(C_{G}(A)),$ $Q^{*}:=O_{p}$ ( $N_{G}($A))
(a) $C_{G}(Q^{*})\leq Q^{*}$
(b) $C_{G}$ (QA) p-
$(\mathrm{a})\Rightarrow(\mathrm{b}):C_{G}$ (QA) p’- ( $p$ )
$E$ $E$ $C_{G}$ (QA) ( ) p-
(b) $E=1$
$E\leq C_{G}(QA)\leq C_{G}(A)\leq N_{G}$ (A) $E$ ? $Q^{*}=O_{p}$ ( $N_{G}$ (A)) (
) $Q=O_{p}$ ( $C_{G}$ (A)) $C_{G}$ (A) $C_{G}$ (A) $N_{G}$ (A)
$Q$ $N_{G}$ (A) r $Q^{*}$ ( $\leq N_{G}$ (A)) $Q$
$QA$ $Q^{*}$ $C_{G}$ (QA) $E$
$[Q^{*}, E]=\langle[q, x]|q\in Q^{*}, x\in E\rangle\leq Q^{*}\cap E$ .
$E\cap Q$ ” $E$ r $E\cap Q^{*}\leq O_{p}$ (E) $O_{p}$ (E) $C_{G}(A)$
r $O_{p}(E)\leq Q=O_{p}$ ( $C_{G}$ (A)) $[[E, Q^{*}],$ $E]\leq[E\cap Q^{*}, E]\leq$
[ $O_{p}$ (E), $E$] $\leq[Q, E]=1$ ($E\leq C_{G}(QA)\leq C_{G}($Q) )
$[[E, Q^{*}],$ $E]=1$ .
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$C_{G}$ (QA) p’- $x$ $\langle$$x)$ $E$ $p’$- ( $p$ )
p- $Q^{*}$ ( (coprime action) )
( [Ko, 7.5 (i)])
$Q^{*}=C_{Q^{\mathrm{s}}}(x)[Q^{*}, \langle x\rangle]$ .
$x\in E$ [$Q^{*},$ $\langle$x)] $x$ $[Q^{*}, \langle x\rangle]\leq C_{Q}*(x)$
Q*=CQ*(x) $x$ $Q^{*}$ : $x\in C_{G}$ (Q”)
(a) $C_{G}(Q^{*})\leq Q^{*}$ p’- $x$ p- $Q^{*}$ $x=1$
$C_{G}$ (QA) p’- $x$ $E=1$
$C_{G}(QA)\cong C_{G}(QA)/E$ r (b)
$(\mathrm{b})\Rightarrow(\mathrm{a}):C_{G}$ (QA) ? $QA$ $N_{G}$ (A)
$QA\leq O_{p}(N_{G}(A))=Q^{*}$ . $C_{G}(Q^{*})\leq C_{G}$ (QA) $C_{G}(Q^{*})$ $r$
$C_{G}(Q^{*})$ $N_{G}(A)$ $C_{G}(Q^{*})\leq$
$Q^{*}=O_{p}$ ( $N_{G}$ (A)) (a) Q.E.D.
Lemma 10 $A\neq 1$ $G$ $p$ - $p$ - $B\neq 1$ $B$
9 $A$ 9
$Q_{A}:=O_{p}$ ( $C_{G}$ (A)), $Q_{B}:=O_{p}$ ( $C_{G}($B)) $C_{G}$ (QBB) p-
$[A : B]$ $[A : B]=p$
$B$ $A$ $x$ $C_{G}$ (QAA) $p’$- $x=1$
$C_{G}$ (QAA) r
$B\leq A$ $x$ $B$ $Q_{B}$ $B$ $A$
$A$ $Q_{B}$ r $p’$- $\langle A, x\rangle=A\cross$ $\langle$x $\rangle$ i $Q_{B}$
$P\cross Q$- ([Ko,
7.25]) $x$ $C_{Q_{B}}$ (A) $Q_{B}$ $C_{G}$ (B)
$C_{G}(A)\leq C_{G}$ (B) $C_{Q_{B}}(A)=Q_{B}\cap C_{G}$ (A) $C_{G}$ (A) r
$C_{Q_{B}}(A)\leq O_{p}(C_{G}(A))=Q_{A}$ $x\in C_{G}$ (QAA)
$x$ $C_{Q_{B}}$ (A) $x$ $Q_{B}$
$x$ $B$ $x\in C_{G}$ (QBB) $C_{G}$ (QBB) ?
$x=1$ Q.E.D.
9, 10 $M$ 2 2
$L$ $A:=O_{2}(L)$ 1.1 (1)
$L=N_{M}$ (A) L2 (2) $L$ 2
$C_{M}(A)\not\leq A$ $Q^{*}:=O_{2}(N_{M}(A))=O_{2}(L)=A$
$G=M$ 2- $A$ 9 (a)
10 ( ) $A$ $B$ 9 (b)
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$Q_{B}:=O_{2}$ ( $C_{M}$ (B)) $C_{M}$ (QBB) 2- $B$ $A$ 2 $t$
(t) $Q_{\langle t\rangle}=O_{2}(C_{M}(t))\ni t$ $Q_{\langle t\rangle}\langle t\rangle=Q\langle t\rangle$ , $C_{M}$ (Q $\langle i\rangle$ )
2- $t\in S$ $Q_{\langle t\rangle}=O_{2}(C_{M}(t))=Q_{t}$ 2
$t$ lh 2 2
( 7) $A$ 2 $t$ ( ) $S’$
$A$ 2 $A$ $E$ $L=$
$N_{M}(A)\leq N_{M}$ (E) $L$ 2 $L=N_{M}$ (E)
$E$ 2 $E\#\subseteq S’$
2 $L$
([Me, Section 3])
Lemma 11 $M$ 2 $E$ $E$
2 4 2( 4)
$2.BM$ ( $2^{22}.E_{6}$ (2).S3)




4 $E_{6}$ Chevalley $E_{6}$ (4)
)








) $L=N_{M}(E^{*})$ $E^{*}$ $L$
$P_{1},$ $P_{2},$ $P_{3},$ $P_{5}$ $P_{10}$
$M$ 2 $L$ 2 $L$
E
$Q=O_{2}(L)$ $Q$ $Z$ (Q) 2
$E$ ( $\Omega_{1}$ ( $Z$ (Q))) $E$ $L$
2
20
$Q$ $M$ 2 $T$ $M$ ( 2.2
) $T$ $Z$ (T) 2 $z_{0}$
$L$ 2 $C_{M}(Q)=Z$ (Q) ( 1.2 )
$Z$ (Q) $E$ $Z$ (T) 2 $z_{0}$ $E\#\cap S\neq\emptyset$
$E\#\cap S$ $z$ $E\cap Q_{z}$
$I$ :
$I:=$ { $z\in E^{\#}\cap$ S $||E\cap Q,|\geq|E\cap Qx|$ ($\forall x\in E^{\#}\cap$ S)}.
$I[]\mathrm{h}$ $\langle_{4}$. $L$ $I$
$\langle I\rangle$ $E$ ( 2 ) $L$
$E^{*}:=\langle I\rangle$
$I$ (c $S$ ) $a,$ $b$ $ab\in S$
$\langle I\rangle\#\subset S$ $\langle I\rangle$ $I$ $(a, b)$
$ab=ba$ $a$ $b$ 4‘ 8 $(2a_{1}),$ (2a3) (2c)
$(2a_{3})$ (2c) [$\mathrm{M}\mathrm{S}$ , Lemma 9.3,
COr.9.12]. { $(a, b)$ $(2a_{1})$ $a,$ $b$
$A$ $a,$
$b$ $Q$ $Q$
$a,$ $b$ $A$ 2 $Q$ $A$
$I$ :
$E\cap Q_{a}\leq A$ , $E\cap Q_{b}\leq A$ .
6 $A$
$f$ : $x\in A\#$ $f(x)=0$ (resp. 1) $x\in S$ (resp.
$x\in S’)$ $N_{M}(A)/C_{M}(A)\cong\Omega_{10}^{+}$ (2)
$f$ $x\in A\#\cap S$
$A$ $x^{[perp]}$ $A\cap Q_{x}$ $x^{[perp]}$ 10
$A$ ( 1 )
(i) $E\cap A\cap S\subset I$ .
(ii) $e\in E\cap A\cap S$ $E\cap Q_{e}\leq A$ .
:2 10 $A$ $E\cap A$ $A$ a\perp =A\cap Q
$E\cap Q_{a}\leq A$ (E\cap A)\cap a\perp =E\cap A\cap Qa=E\cap Q
$E\cap A$ $E\cap A$ $b\in E\cap Q_{b}$ $b\not\in Q_{a}$ ( $a$ $b$
) $|E\cap Q_{a}|=|E\cap A|/2$ $I(\ni a)$
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$E\cap A\cap S$ (c $E\#\cap S$ ) $e$ lE\cap Qel\leq IE\cap Q $|=|E\cap A|/2$
$E\cap A$ $A$ $=A\cap Q_{e}$ $E\cap A\cap Q_{e}$ $E\cap A$
$|E\cap A\cap Q_{e}|\geq|E\cap A|/2$
$|E\cap A\cap Q_{e}|\geq|E\cap Q_{e}|$ E\cap A\cap Qe=E\cap Q .
E\cap Qe\leq A (ii) $|E\cap Q_{e}|=|E\cap Q_{a}|=|E\cap A|/2$
$I$ (i)
(iii) $A\leq E$ .
: $f$ $A$ $E\cap A$
$F:=(E\cap A)^{[perp]}(f$ $E\cap A$
$A$ ) $F=1$ (
) $E\cap A=A$
$A\leq E$ $Q:=O_{2}$ (L) $A$ $Q$
( $\leq N_{M}$ (A)) $A$ $f$ $Q$ $E=\Omega_{1}$ ( $Z($Q))
$F=(A\cap E)^{[perp]}$
$F\neq 1$ ,, $f$ $F$
$|F\cap S|$ ( $f$ $f|_{F}$
)
$\circ$ F $r$ (F) $:=F\cap F^{1}$ $F=r(F)\oplus C_{\text{ }}C$ $F$
$f$ $f|_{C}$ $F$
( ) $r(F)\oplus(S\cap C)$ $r(F)\neq 1$
$|r$ (F)| 2 $|r(F)\oplus(S\cap C)|$ $F$
$|F\cap S|$ $F$ $f|_{F}$ $F$
$F$ 1 $F$
$F$ 2 $2m$ $|F\cap S|=(2^{m}-\epsilon)(2^{m-1}+\epsilon)$
( 2.1 $f$ $\epsilon=1$
$\epsilon=-1_{\text{ }}$ ) $m=1,$ $\epsilon=-1$ $|F\cap S|$ ($m=1,$ $\epsilon=-1$
$F$ )
3 .. $F$ 2 $f$
2 $F$
$S’$ 2 $Q$ $F\#$
1 2 $t\in F\#\subset S’$ $t\in C_{M}(Q)=Z$ (Q)
$t\in E=\Omega_{1}$ ( $Z$ (Q)) $F\leq A$ $t\in E\cap A$ . t\in F=(E\cap A)
$t\in r(F)=F\cap F^{[perp]}$ $f|_{F}$
$F$ 1
$F=(E\cap A)^{[perp]}$ $E\cap A$ $A$ $Q$ $A$
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$N_{M}(A)/C_{M}(A)\cong\Omega_{10}^{+}$ (2) $E\leq Z$ (Q) $Q$ $A$
$E\cap A$ $\Omega_{10}^{+}$ (2)
$Q\leq C_{M}$ (A) $A\leq C_{M}(Q)=Z$ (Q) .
(iii) $A\leq E=\Omega_{1}$ ( $Z$ (Q))
$F\cap S$
2 $Q$ $Q$ $e\in F\cap S$ $e\in$
CM(Q)=Z(Q) $e\in E=\Omega_{1}$ ( $Z$ (Q)) $e$ E\cap F\cap S $E\cap A\cap S$
(i) $e\in I$ $e\in F=(E\cap A)^{[perp]}$
$E\cap A\leq E\cap A\cap e^{[perp]}=E\cap Q_{e}$ ( (ii) ) $|E\cap A|\leq|E\cap Q_{e}|$
$(e\in I)$ $|A\cap E|/2=|E\cap Q_{a}|($ \epsilon $I)$ ( (i) )
$I$
$(\mathrm{i})-(\mathrm{i}\mathrm{i}\mathrm{i})$ (i) (iii) $A\cap S\subseteq I$ $E$
(iii) $Q\leq C_{M}(E)\leq C_{M}$ (A) $C_{M}$ (A) $6(3)$ $2^{10+16}$
$E$ (\leq Q) $C_{M}$ (A) 2 $E=A$ $L$ 2
$L=N_{M}$ (A) , $L$ $E$
$A$ $s\in E\backslash A$ [ $\mathrm{M}\mathrm{S}$ , Lemma 8.1]
$W$ (s) $:=\langle a\in A\cap S|s\in Q_{a}\rangle$ $A$ $2^{4}$
$2^{5}$ $W(s)\cap S\neq\emptyset$ . $a\in W(s)\cap S$
$a\in A\cap S$ (iii) $E\cap A\cap S=A\cap S$ (ii) $E\cap Q_{a}\leq A$




2 $t\in S’$ [MS] t\in Q
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